When the child recovered from the gas it was remarked that she was slightly wheezy. A few days later, Dr. Smallwood, of Little Waltham, Chelmsford, was called in and found a catarrhal condition with very little air entering the left lung. Wheezing continued, and, in view of a marked family history, it was treated as possible asthma. Some relief was obtained, but no cure.
-given to me in Scotland-I found the enamel was traversed by grooves passing in different directions. This action on the enamel does not appear to be caused by a fungus and I suggest it may be due to a superficial decalcification -by carbonic acid in water in the neighbourhood of roots of plants around tha teeth-the percolation of the water during a long period following the channels formed in the enamel and gradually deepening them.
Tooth impacted in a Secondary Bronchus of the Left Lung;
Removal by Tracheotomy and Lower Bronchoscopy after Two Unsuccessful Attempts by Upper Bronchoscopy.1
By Sir STCLAIR THOMSON, M.D.
HISTORY OF ACCIDENT.
ON November 20, 1917, a healthy girl, aged 10, of a nervous type, was placed under nitrous oxide anaesthesia for the purpose of removing the two first lower (temporary) molars. The left one was first extracted; the dental surgeon drew it outside the mouth in his forceps and then shook it loose with the intention of throwing it into the usual porringer beside the dental chair. But he noticed, instead, that the tooth fell on to the napkin, tucked under the child's chin, and was caught there in a fold. Without delay he then proceeded to the extraction of the corresponding tooth on the right side; as he turned and threw this away the child, recovering from the aneesthetic, raised both hands (with the napkin above them) towards her mouth, making at the same time a deep inspiratory gasp. The dentist never suspected that at this moment the first tooth must have re-entered the patient's mouth. extraction, he shrewdly suspected that there might be a foreign body in the lung. A consultation with Dr. G. F. Still confirmed him in this hypothesis. There was then, a month after the visit to the dentist, a slight wheezing which was audible at a distance of a foot or two from the chest. Rhonchi were heard on both sides, but chiefly over the left lung, with absence of air entry towards the posterior border of the left axilla. There was a short cough.
An X-ray examination by Dr. Ironside Bruce showed the tooth in the depths of the left lung.
FIRST EXAMINATION.
On December 28, 1917, I started to attempt removal by direct bronchoscopy through the mouth. Bromide was given for three days beforehand to diminish reflex. Chloroform was administered by Mr. Bellamy Gardner, and I was assisted by Dr. Irwin Moore.
I found the build of the patient showed narrow and long air passages, allowing only the use of a Bruinings' 7-mm. tube. Reflex cough was diminished, as I passed the tuibe down the trachea, by the application of cocaine to the larynx and to the carina-which is the next Inost sensitive spot. I had to be moderate in the use of cocaine (a 21 per cent. solution) owing to the age of the patient. After much searching the white glistening tooth was seen, tightly impacted in an externo-lateral, secondary branch of the left bronchus, at a depth of 10 in. from the teeth. All my efforts to grasp it with various instruments failed. The narrowness of the bronchiole prevented a wide opening of any nippers, and the polished, smooth, ivory surface of the tooth gave no hold. I then made use of a long probe with a bent hook at the end, and insinuated it between the tooth and the bronchial wall, with the hope of either extracting the tooth or turning it round. The hook was passed beyond the tooth, but all efforts to extract the tooth failed; what was worse, the hook appeared to catch in solme other bifurcation close behind the tooth, and I found that I could neither extract the tooth nor the hook. I had forgotten Chevalier Jackson's warning that " hooks with a curve greater than a right angle are very apt to become engaged in small orifices and to be very difficult in removal."1 After some anxious five or ten minutes I succeeded in disengaging the hook with only slight traumatism.
The tooth renmained in position. The patient had now been under chloroform for one hour forty-five minutes so I decided to abandon the attempt that day.
SECOND EXAMINATION.
Eight days later, on January 5, 1918, chloroform was again given. There was much more reflex cough and secretion of mucus this time; the tooth was discovered more deeply, and less of it was visible, owing to swelling of the mucosa. I found it very difficult to keep the tooth well in view in the centre of the field of vision, owing to the strong traction towards the patient's right side which I had to maintain on the handle of the instrument, in order to direct the beak of it well towards the left axilla. I was about to introduce Dr. Irwin Moore's non-slip forceps when-doubtless owing to the aforesaid traction dragging on the root of the lung or on the heart--the patient suddenly collapsed, and had to be restored by artificial respiration. She had been under the anaesthetic forty minutes. There was no shock nor feverish reaction from this examination, but after these two ordeals I thought it best to let the child go to the country-which she did five days later.
ALTERNATIVES.
Foreign bodies have been coughed up many a time in days gone by, sometimes after a prolonged stay in the chest. But, unfortunately, statistics do not help us in this, as we never know'in what part of the air tract the intruder had been sojourning, nor how firmly it had been fixed. A large, light foreign body, mobile in the trachea or a main bronchus, may easily be coughed up; but there is little chance of such a happy expulsion with a small, solid, smooth substance tightly impacted in a secondarv bronchus and with all the air on the far side of it absorbed. On the contrary, each deep breath-preliminary to an explosive cough-would only tend to wedge it deeper.
There was the alternative of the tooth becoming loosened by suppuration taking place around it-almost certain to happen in timeand its being expelled by the mouth with the discharge of the abscess. But, unfortunately, even with such a development there was no certainty that the pus would remain localized and burst towards the main bronchus, nor that it would bring the tooth with it. The pus might just as readily diffuse in the lung and cause sepsis. I considered the possibility of thoracotomy. The results of this operation are not brilliant. Considerable progress has been made during the war in removing through the ribs fragments of shells and other missiles which have entered the lungs. But there is a great difference in following the track of a foreign body which has penetrated into the lung through the chest wall, and hunting around from the outside of the thorax for a foreign body which has entered from the glottis and lies at the root of the lung, close behind the pericardium.
LUNG ABSCESS DEVELOPS.
Action, however, had soon to be decided on, owing to developments in the case. Dr. Smallwood reported that there was no wheezing and only occasional slight shortness of breath. There was slight deficiency of air entry in the left axilla rather toward the posterior fold. The heart's apex was about i in. outside the nipple, probably due to collapse of a portion of the lung and the heart swinging over to take its place. She had continued to eat and sleep well, in spite of the tooth in the lung, and the temperature was normal. But it soon began to rise until it was oscillating from 970 F. every morning to 1010 F., 1020 F., and 103°F. in the evening. An X-ray by Dr. Ironside Bruce showed the tooth as before, or even deeper, with commencing opacity in the left lung. Abscess formation had evidently taken place and action could not be delayed.
Dr. Dundas Grant and Mr. E. D. D. Davis, whom I called in consultation, were unanimous in strongly recommending that there should be no further attempt at removal by upper bronchoscopy (i.e., through the mouth); that there was no objection to tracheotomy except the slight scar, which I had wished to avoid in a young lady; that tracheotomy would enormously facilitate extraction, 'and that,' in the event of failure to extract the tooth, the patient would be much safer with a tracheotomy tube in her neck if we should be compelled. to await & later chance of spontaneous expulsion. I readily agreed to this after the experiences I have related and also because I had already fulfilled one of Chevalier Jackson's rules, which is as follows: " If the first bronchoscopy is not successful after fifteen or twenty minutes in a child, it is better to desist, wait a few days and repeat the oral bronchoscopy at least twice before resorting to the tracheotomic route" (p. 252).
THIRD EXAMINATION AND SUCCESSFUL REMOVAL.
Next morning, January 26, 1918, chloroform was administerea by Mr. Bellamy Gardner. I had given bromide for three days beforehand. Again I was assisted by Dr. Irwin Moore and also by Dr. Dundas Grant and Mr. E. D. D. Davis. The trachea was quickly exposed without having to tie a single. vessel. I injected a 21 per cent. solution of cocaine, with a little adrenalin, into the lumen of the trachea by stabbing between the rings with a hypodermic needle. This abolished any cough on opening the trachea. Through the tracheotomy wound I was able to pass the outer, 9 mm., Briinings' tube, instead of the narrow inner 7 mm., which was all I had been able to introduce from the glottis. I came readily down on the tooth at a distance of less ,than 51 in., instead of the 101 in. to 11' in. interval by which I was separated from it in the two previous examinations. Any approach of the instrument to the tooth caused reflex, barking cough. Some little time was spent therefore in cocainizing the region. As this was being done some milky fluid kept oozing upward alongside the tooth.. Finally, when a swab produced no reflek on touching the tooth, I took a pair of Killian's " bean forceps" down to the tooth and then dilated them so as to free the tooth and get a good grasp. This must have released the pus pent up behind the tooth, for there was a gush of yellow fluid and for the moment I thought I would be baulked in removal. But, knowing I was in a good position, I carefully closed and withdrew the forceps and found the tooth firmly grasped in the middle of themn. One or two teaspoonfuls of yellow pus welled into the left bronchus and were cautiously sponged out, while the head and thorax were lowered in the Trendelenburg position. I left the bronchiole clean with only a minute granulation in it.
From the beginning of the tracheotomy to the removal of the tooth, the time occupied was exactly twenty-nine minutes. There was no shock or collapse.
The after-history was uneventful. In an effort to avoid all scarring I closed the entire wound in the neck with buried catgut and superficial silkworm and horsehair sutures, but the two or three middle sutures had to be cut away as there was some cough leading to subcutaneous emphysema which extended right up to the eyes. One month afterwards the patient went to the, seaside and Dr. Smallwood wrote to me as follows: " Sbe seems very fit and the chest is clear as far as I could make out, except a little deficiency of air entry in the left lower lobe." The scar in the neck is insignificant.
BIBLIOGRAPHY. I had not intended attempting a study of the records of the falls of teeth into the lower air-passages, but, by pure accident, I came across a communication which is very interesting when compared with my own, both from the points of diagnosis, method of treatment and after-result. In 1908, Mr. Rutherford Morison read "Notes of a Case in which a Portion of a Lung was Excised" before the Medical Society.' This was the case of a woman aged 36 to whom chloroform was administered while six to eight stumps were extracted. On recovery she found one tooth lying loose, between the cheek and gum, and spat it out, and, at the same time, felt difficulty of breathing and a tightness in her chest, and expressed her own conviction that a "stump had gone down her throat." Three weeks later a long illness started with cough, blood-spitting, profuse and fcetid expectoration, and loss of weight and strength. This went on for two years before the diagnosis was made, of bronchiectasis limited to the lower part of the left lung caused by " a tooth impacted in a bronchus," although "Rontgen-ray examination showed no abnormal shadow." Operation from the outside was attempted by resecting 6 in. of the eighth rib. A large portion of the lower lobe of the lung was removed, but the patient died twenty-eight days later from pericarditis. The post-mortem showed that the tooth stump was impacted in a secondary bronchus, and that it had only been missed at the operation by 3 in.
At the ensuing debate, Dr. J. Kingston Fowler referred to a case of a tooth in exactly the same position-a cavity formed in the lung. Operation from the outside failed and the patient ultimately died from pulmonary tuberculosis.
A. Barker narrated a case of a tooth in a right bronchus, leading to gangrene and an empyema. It was decided to attempt removal through the chest wall, but " the first few whiffs of chloroform proved fatal."
The fact that three separate personal cases of a tooth in the lung could be recorded at a meeting of a general medical society would appear to indicate that the accident may not be so rare as one might think. That X-ray examination should have failed to detect the tooth shows how far radiology has progressed in these eight years, and that endoscopy should not have been employed in Mr. Morison's case demonstrates how slowly the knowledge spreads in the profession of the recent rapid progress of laryngology. The case also warns us not to disregard a patient's own feelings when he says that he feels something has stuck in the throat or chest.
A recent discussion in America shows that bronchoscopic cases of dental origin are by no means uncommon.1 Indeed, one speaker suggested the necessity of a detailed method of observation and counting in the extraction of teeth, similar to that provided by the abdominal surgeon in cases of sponges and instruments. This would hardly cover the ground, for in the above debate the following articles of a dentist's armamentarium were mentioned as having been retrieved from the lungs-teeth, gold crowns, bridges, dental burrs, pieces of rubber and fragments of plaster of Paris models.
PRECAUTIONARY TREATMENT IN SIMILAR CASES.
What line of action should a dental surgeon follow if he thinks, or even suspects, that a tooth or other foreign body had entered the air passages while his patient is in the chair? Well, the first and most important indication is given us in the good old medical principle " primum non nocere." Chevalier Jackson has tabulated the following seven " don'ts ":
(1) Do not reach for the foreign body with the finger, lest the foreign body be thereby pushed into the larynx, or the larynx be thus traumatized.
(2) Do not make any attempt at removal with the patient in any other position than recumbent, with the head and shoulders lower than the body.
(3) Do not hold up the patient by the heels, lest the foreign body be dislodged and asphyxiate the patient by becoming jammed in the glottis.
(4) Do not fail to have a radiograph made, if possible, whether the foreign body in question is of the kind dense to' the ray or not.
(5) Do not fail endoscopically to search for a foreign body in all cases of doubt.
(6) Do not pass an cesophageal bougie, probang, or otner instrument blindly. (7) Do not tell the patient he has no f6reign body until after a radiography, physical examination, indirect examination, and endoscopy have all proven negative (op. cit., p. 235).
Several of the above precautionary measures are advised so as to prevent gravitation attracting the foreign body, particularly if of small size, into a deeper secondary bronchus. It is better, if possible, for the patient to rest until he can be treated, lying flat and face downwards. In this position there is less likelihood of the foreign body falling into the middle or upper lobe secondary bronchi-regions where it is particularly inaccessible-and it is into these undesirable tubes that. it might gravitate if the patient lay on his back or on one side. The patient should not be encouraged to cough or hawk up. The chances.
of success are small if the foreign body has passed the glottis, and the B. R. Shurly and others, Trans. Amer. Laryngol. Assoc., Thirty-ninth Meeting, 1917,. p. 102. efforts may only drive the point of a sharp substance, like a pin or tack, deeply into the mucosa. In the case of a loose or larger body, the cough may drive it up into the glottis and so threaten asphyxia. If one felt certain that the tooth or other foreign body was in the eesophagus, these rules would not apply, but, short of that, it is wiser to follow them as nearly as possible until the case can be placed in the hands of a skilled laryngologist.
A MEDICO-LEGAL ISSUE.
That similar cases may be fraught with unpleasant legal consequences is shown by a paragraph in the British Medical Joutrnal, December 7, 1912, p. 1646.
It is therein recorded that a Glasgow dentist was sued for £1,500 damages. The pursuer alleged that in February, 1908, the defender allowed a portion of a tooth to fall down the pursuer's throat into his right lung, while several back and front teeth were being extracted under chloroform. Three years later, during a paroxysm of coughing, the patient coughed up the tooth. The dentist was charged with having, "negligently and in violation of his duty," failed to account for all the7teeth extracted, and omitted afterwards to suggest the possibility of a tooth in the lung, although seeing the pursuer frequently afterwards. Fault was denied by the defender. At the trial, in March, 1912, a jury under Lord Ormidale, returned a unanimous verdict for the pursuer, and assessed the damages at £750.1 The defender appealed for a new trial on the grounds that the verdict was contrary to evidence and that the damages were excessive. The report in the British Medical Journal concludes as follows:
"'The Division of the Court of Session (Lord Johnston dissenting) refused the .application for a new trial. Lord Johnston was satisfied that the defender had suffered an injustice, and that the verdict was not only a bad one, but that it was given in circumstances which called for a new trial, and he thought he was bound in fairness to the defender to say so." I entirely agree with Lord Johnston and I cannot imagine how any jury could give a verdict against a dentist after a similar accident, unless it were proved that he neglected to use reasonable care, The accident might be caused by sudden movements of the patient-as in my case. Even when the patient is under a general anesthetic his unconscious movements, and the consequent inspiration of the tooth, might be fairly attributed in some cases to his previous alcoholic excesses and not to the dentist's clumsiness. Or, again, might not inefficient administration of the nitrous oxide gas be the chief cause, and the anvesthetist be held responsible ?
' Glasgow Herald, March 15, 1912. 
RESULTS OF BRONCHOSCOPY.
Let me conclude by recalling what endoscopy has done for the benefit of humanity. In former times a certain number of foreign bodies, loose in the larynx or trachea, were coughed up sooner or later. Still, statistics in pre-bronchoscopic days show a death-rate of 52 per cent. The early years of bronchoscopy-i.e., up to 1908, reduced the mortality to 13'1 per cent. (von Eicken). In 1909 and 1910 this was further reduced to 9'6 per cent. (Kahler). By 1913 the death-rate of various surgeons in the United States had fallen to 5'3 per cent., and Chevalier Jackson's own practice in his last 182 consecutive cases of bronchoscopy for foreign bodies gives a total of three deaths (1P7 per cent.) (p. 246, op. cit.).
Deaths that do occur are less attributable to bronchoscopy than to the results of the sojourn of the foreign body or to blind efforts at removal. NEED OF EXPERT HANDLING. But these favourable results can only be secured by experienced hands. Fletcher Ingals says he has seen numerous cases of fatal results from bronchoscopy and he believes that "the fatalities with inexperienced people would run between 10 and 20 per cent. if all cases could be collected." The same writer appieciates the strain put on us by such cases. He writes: " The heart-breaking delays, the extreme anxiety for the patient, and the knoWledge that prolonged operations of the kind are dangerous, while failure may spell death for the patient, place the operator under such circumstances under an indescribable stress." No wonder Chevalier Jackson says: "There is absolutely nothing like it in the whole realm of surgery."' DISCUSSION. Dr. IRWIN MOORE: A study of the reported cases shows that owing to the great skill and care of dental surgeons the accidental aspiration of teeth into the air passages during extraction is exceedingly rare, and is nothing like so common as the aspiration of other foreign bodies under different circumstances.
Sir StClair Thomson has referred to some general statistics of foreign bodies in the air passages. I will now give you some statistics relating only to teeth in the respiratory passages, nearly all the cases having occurred during extraction. ' This case is recorded a little more fully, and with several illustrations, in The Practitioner for August, 1918. False teeth are usually too large to pass the vocal cords, and though we are not concerned to-day with the question of dentures, I would like to mention a few very interesting cases.
Wild' reports a case in which a plate with two false teeth entered the left bronchus. It was successfully removed eleven days after the accident by tracheotomic bronchoscopy.
Carpenter2 records a case in which a set of four false teeth, made of one piece of ivory on a silver clamp, had. been drawn into the air passages.
Thirteen years afterwards the patient died after an attack of acute pleurisy.
The right pleural cavity contained 5 pints of sero-purulent fluid, and in it were found the artificial teeth. A fistulous opening was observed on the surface of the lung, through which it was supposed the teeth had passed.
Major8 refers to a case where a plate was aspirated, and was subsequently seen by laryngoscopic examination lying on the bifurcation of the trachea. The morning after the accident the patient was quite unconscious of what had happened. A cough with dyspnceic symptoms subsequently developed,. together with evidence of a localized pneumonia. The denture was successfully removed by tracheotomy, having been in position for four months.
Statistics of Teeth aspirated into the Air Passages.-Hoffmann4 (Leipzig) in 1897 tabulated 160 cases of foreign bodies aspirated into the lungs during the pre-bronchoscopic days. Amongst these there were only twelve teeth and two dental plates. Hodge,' in 1903, added to this list a further ninety-two cases, amongst which were five cases of teeth. Claytor' (Washington), in 1906, tabulated fifty cases, and refers to only one tooth case. Chevalier Jackson7 (Pittsburg) in 1914, since the introduction of bronchoscopy, gives the statistics of Clarke and Marine,8 who found that amongst thirty-one cases of foreign bodies aspirated into the lungs a tooth was present only twice. Chevalier Jackson,9 amongst sixty tabulated cases in his latest work, "Per-oral were coughed up and the patient recovered; seventeen died; whilst four recovered after operation (three following tracheotomy and one after thoracotomy). In eight out of the total forty-six cases it was reported that the tooth was in the left bronchus or its divisions; of these five were coughed up and the patient recovered, whilst three died. In fifteen of the total cases the tooth was in the right bronchus; of these three were coughed up and the patient recovered; seven died. Tracheotomy was performed in one case with recovery, and per-.oral bronchoscopy in four cases with success.
Since the introduction of bronchoscopy I can find only six cases reported; of these five were impacted in the right bronchus or its divisions, and one in the left bronchus. Of the five in the right bronchus, one was coughed up, and four removed by per-oral bronchoscopy, whilst the one in the left bronchus was coughed up. These statistics show that a case such as the one reported to-day is uncommonly rare. In the case of the eighteen who died during the pre-bronchoscopic period, death occurred in a few hours up to thirteen months. There were no deaths amongst the four cases treated by per-oral bronchoscopy since 1904, but one of these died ten days later from typhoid fever (Chevalier Jackson). So far as the expectant treatment is concerned, and the chances of recovery by spontaneous expulsion, we have seen that out of forty-six cases twenty-one were coughed up and the patient recovered. This occurred either directly on coming round from the ancesthetic, within a few hours, up to two years and seven months. In the latter case, however, the patient died a year later from pulmonary disease, caused by the sojourn of the foreign body. Arthur Durham' showed that out of 271 cases of foreign bodies in the respiratory passages, during the pre-bronchoscopic days, and not operated on, 156 recovered (57 5 per cent.) and 115 died (42'5 per cent.). The 156 recoveries were due to the voluntary expulsion of the foreign body, ranging from the first day to seventeen years. Of 436 cases treated by operation, chiefly tracheotomy, 328 recovered (754 per cent.) and 107 died (24'6 per cent.).
Killian,2 amongst 164 reported cases of foreign bodies in the respiratory tract since the introduction of bronchoscopy, found that only eight were coughed up. Fletcher Ingals' (Chicago) says some organic substance will be coughed up, but 90 to 95 per cent. of the patients with foreign bodies in the lungs will die within three or four years unless the foreign body is removed. We may safely accept this as a correct estimate of the risk to life of a foreign body in the lungs. I have recently designed a pair of forceps for the removal of foreign bodies from the lungs which are admirably adapted for dealing with an impacted tooth in a bronchus, and removing it satisfactorily by means of upper bronchoscopy. These forceps are modelled on the principle of the approximation of two aural spuds or curettes. The blades are serrated transversely and have at their extremities small teeth, two on the lower and one on the Quoted upper blades, which are not sharp enough to catch up or injure the lung, but are sufficient to prevent the forceps from slipping off the foreign body. Cubical or round bodies-e.g., glass beads, fruit stones, irregular foreign bodies such as beans, oval seeds, or partially disintegrated bodies-which experience has shown are the most difficult to seize, may be securely grasped and safely removed by means of these forceps, without crushing. It is impossible for the forceps to break as has so often been found in the case of the bean forceps of Killian and Brdinings. Having located the foreign body in a bronchuse.g., an impacted tooth-the forceps are passed beyond the extremity of the endoscopic tube and inserted between the tooth and bronchial wall. The first step is to dilate the bronchial wall above the tooth by slightly loosening the control of the hand on the handle spring, which allows the forcep blades to forcibly expand; the forceps are then pushed gently downwards about 1-5 cm. when the blades may be closed with the absolute assurance of grasping the tooth in such a position round the neck that they will not slip off. The procedure is somewhat similar to a dental extraction.
Mr. BELLAMY GARDNER: The cause of the patient's collapse at the second operation was mechanical pressure upon the heart from behind by the tube of the fronchoscope at a particular moment; this was intensified by obstruction of air entry into the right lung owing to the absence of air holes of sufficient size throughout its length. The choroforni vapour administered was warmed in a metal Junker's bottle inserted in the waistcoat pocket and worked with a foot bellows. The child was strong and healthy and was very resistant to the effects of anLesthetics.
Mr. WILLIAM HERN: One important point for dental surgeons is h1ow to prevent such accidents. Although the accident in this case did not occur from the slipping of a tooth out of the grasp of the forceps, yet this is perhaps one of the most likely to occur. The conical form of the roots of certain teetlh makes them especially prone to slip out of the grasp of the forceps, notably the lower bicuspids, and certain temporary teeth with little or no root length. The placing of a small napkin at the back of the mouth whlen extracting is a great safeguard against an accident with a slipped tootlh. I hold that there is one thing more important than the counting of the roots extracted, and that is for the operator to make sure that each and every root extracted is promptly removed from the mouth and placed in such a position as not to return to it, before the extraction of another is attempted.
Sir STCLAIR THOMSON (in reply): The immediate treatmnent for a tooth which is wandering in the upper air or food passages depends entirely on its situatio'n. If lying in the pharynx, or above the glottis, it:may be hooked up with the forefinger or expelled by a cough. If it has passed into the gullet, it should be left for attention later on. If it appears to he in the glottis or below, the dental chair will prove a most valuable instrument as it can easily be tilted so as to put the patient on hiis back, oii a slope, with the hlead lowermost. I would urge the importance of accounting for all stumps when several are extracted at one sitting.
